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NUCLEOSIDE 5*-METHYLENE 
PHOSPHONATES 

FIELD OF THE INVENTION 



This invention relates to oovd methylene pho«p6ontte 
nnrlrasirin which exhibit antiviral tad «itimmnr activity 
tad oovd oligonucleotides derived from methylene p6os- 

stability. The iaveatioa also relates to processes for preper- 
tag the eovd ccmponads, their derivative! and oggotmde- 
otides ooatafting oae or more 5* methylene pbospooaate 
i air rnod eotide unkages. The oligoeudcotides are resistant 
to nuclease degradation tod are useful far «««g»~n» and 
therapeutic application*. 

BACKGROUND ART 

Antisense aad triple heist oiigonudeeddes tie syathetk 
oligonucleotides which bind cnmplfmrnftry auddc adds 
(Le. seose strand RNA or duplex DNA sequences) via 
hydrogea booting, thereby ^fcnwH^ expression of these 
sequences^ Therapeutic iatervearioa at the andelc add levd 
using cJigceudcotides offers t number of advantage*. Iahi- 
bitioo of geae expression is more efficient that inhibition of 
the protein encoded by the gene since transcription of a 
singie DNA sequence gives rise to multiple cooks of mRNA 
which, in asm, are translated into many protein 

OlJgocudeoddes have been used to inhibit gene expres- 
sion in t variety of systems. TTiere are several reviews that 
disctus this topic." Ia addition, the use of otigonudcotides 
in sequrnrrvspedfl c recognition of double stranded DNA 5 * 
as well as p*—*Hi\ cbemotberapeutk agents, 7 has been 
reviewed. 

An important f eature of the antiseasccJigotnerk probes is 
the design of the bac kbon e of tbe administered oligomer; 
Specifically; the h**ifr?nf should contain isfrnnfTW»tf4r 
linkages that are stable in vitro aad should be stnictwed such 
dint the oligomer ii w^t— to ^^yrt^iii g' H fstft, mrfa 
as nucleases that attack the ptmtpbodWer linka^ 
same time, the oligorner must also maia its ability to 
hybridize to Che target DNA or RNA. Ia order to ensure obese 
properties, a aumber of modified cJigouodecelde^ 
constructed which contain alternate internucieoside link- 
ages. Several of these oli*>eudeotidee are described ia 
Uhlmaan. R and Peyman, A-, Oumieal Rcrtcwt (1990) 
90:543-3*4. Among these are methyiphosphoaatc* 
(wherein one of the f+^T*™"*"-***^ oxygens has been 
repiaced by methyO; phospborothicetes** (wherda sulphur 
replaces one of these oxygens) and various amidttes 
(whereia NH, or an orgaaie amine derivative, such as 
mccpcolidaies or prpmridatet, replace an oxygen). These 
substitutions confer enhanced sttcdity t fee O^rnM part, but 
suffer from the dtaw he U. that they result In a chiral phos- 
phorous in the linkage, kao^ to the formation of r 
diastereomcrs where n is the number of dkster 
linkages in the oligomer. The presence of these multiple 
diasterecmers considerably weaken the capability of the 
modified oligonucleotide to hybridize to target sequences. 
Some of these substitutions also retaia the ability to support 
a negative charge and the presence of charged groups 
decreases the tcsliry of the T*"r1t to penetrate cell 
membranes. There ere muucious other dlsadveattges tsso- 
dated with these modified liekages, ^p^"g oa the pre- 
cise nature of the linkage. P^At f^ r m Td itlttoat r "^ffHI 
tactoocm have been mefe^ 

codes tre nudc as c resisttnt tnd tre ditstcreqncricaUy pure. 
However, these raodflcations further reduce the affinity of 



the oligonucleotide for its intenoed target"* A variety of 
modified nonionic" oligonucleotides including 
mm j H y ^ wwpf y ^ ^ pfo ^^ym mi 4 *** and pbc^pbocri- 
esters generally are either compotrd of a mixture of 
diastereomert. have a low affinity for inrmrt/tl targets, or 



deaxyoligoatadeotide comprised from nucleotide 
omen that contain a methylene ( — CH* — ) group sub- 
stituted for the 5*-oxygen may be resistant to nucleases, 
especially those that leave a y-pbosphate moiety after 
ckavage of the interaodeotidk: bond. Thb results from the 
fact that the requisite P— C bood can not be cleaved under 

tereomericnlly pure deoxyoligoeucleotidc could be 
prepared, as the intrratirirodde phosphorous Enkiges would 
be achiraL We refer to dm nodeotidrt containing a meth- 
yieae (— CH,— ) groaj) substituted for the r-oxygen as 
^-methylene pbonphoeates. 

The prepnntkw of dbo(ie J-OH) 5Moahyfcne phosobo- 
nates Is well +~mr»*~* In the literature/* Uridine 1 *' 13 
adenosine, 1 * 13 and guanodnc u ^-methylene photp ho natrs 
have been p re par ed. A number of anslognrs of adenosine 
^methylene phosphonate have been prepared. 17 0 In 
addition, ribavirin ^-methylene phorphonatr,* is well as a 
ribo ^-methylene phosphonate containing thiazole-4- 
carboxamade as the base, has been prepared? 9 Ribo coca- 
pounds having n 3*-methyiene phosphonate have also been 
prepared.*^"" 

There are very few reports of T-decxy ^-methylene 
phosphatases in the litennnr. and these are all related to 
thymidine. Only the syntheses of ^-methylene pbospbo- 
nates of thymidine, 9 J-usdcthymidine (AZT\ and 
7-dec^-54uc*OHaridine n hnve been reported. There hnve 
been no reports oo the syntheses of ^methylene poospbo- 
nates derived from r-decacyndenosine, 7-deaxycytidine, or 
?-deoKygunnc*ine. There also have been no reports on the 
lynthesis of 5 methylene pho sp hon aar nuc le os i d e s having 
3-lodourarQ. 7-aminopnrine or W-diamincfwine as the 
base. The Modouridfee S methylene ph o n phonstr coo> 
p-w ir f wrmM made In an analogous manner to Chat used 
to synthesize the 5 methylene p ho sphona te derived from 
thymidine ns described for compounds 33 and 37 below. The 
2-aminopurine and 2j6~diaininopurine nucle ot id e 5* metb- 
yiene phoaphoontes would be made in an analogous manner 
to that used to synthesine the S methylene pbospbecase 
derived from deoxya<fcnoaine as described for co m po unds 
36 and 40 below. 

Several ribo 5Hnethykne jfcospbooate dtoen have be» 
synthesized. These include UpO^U and UpCU^A. 33 ^ 
Several ribo Jnoetfayteae i»V>sphoonte dimen, w as weU m 
a trimer 3 " hnve been synthesized. These ribo dimers and 
trimer were prepared using the cfester method of oligoeode- 
r+jA* aynthesis/ 9aM This method suffers from low product 
yields, and difficulties la purification of the final pro- 
duct."- 3 * The method Is generally not useful in the prepa- 
rntaon of longer oUgonudeotides. Recently, a ribo oligo- 
nucleotide 10-mer r~***«*i of ^-methylene pb os pbona trs , 
ApA(pCH 1 A)^ was prepared enzymatically using pofty- 
Btlc |t trtM * pboopbaryiasc.*' This technique, however, can- 
not be used ftr thf prrpar 1 **'™ 1 ** having a 

defined sequemrn of mixed bases. 

Only one T-decxy dtmer. TpCH^T, and one 7-deoxy 
trimex. TpCH^TpCHjT, have been reported in the litem- 
tore.* Only die 5*-inethykne photphonatr derived from 
thymidine was used in the dJmer and txinxr. No mixed base 
7-deoxy ^-methylene phrrtph^r*** dimers or longer mixed 
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base. 2*-deoxy 3*-methykae pbospbooc&e oiigcoiideotides 
have beta reported Additionally, oo 7-deoxy ?-mcthyleac 
phosphonatg oUgooodeoddet longer thu a 3-mor of my 
kind have been reported. However, recently the synthesis of 
oligodeoxyaxKieotides ~™*--ing ^-methylene pbospfao- 
oates of 74eoxy^'-cKtocyciie norieoadei has beet 
reported W. Prick tad & W. SchacUet Meetings Abstract 
Coherence oa Nudek AddlVrapettka. Jan. 13-17, 1991. 
Clearwater Beach, Fla^ pQ% 

The preseat iaveettoa relates to the synthesis of 7-deoxy- 
r-methykae ph oa pho aat e oiigcaodeotides of length 2-30 
of mixed base cnmporirtno. These ottgodeoxyaudeotides 
arc prepared using Che prtospbotrktler method* ttocx suit- 
ably protected Theory ^methylene phnsprmnirc Q»de- 
otidc moaomss. We prepared novd f^nethyieae pbospbo> 
aates ia both a protected form that was suitable for 
oligonucleotide synthesis, as well as ia a cocgplcteiy depro- 
tected form. Some of the lovd r^Ayu^ r^r^n ttrr 
that were prepared were derived from 7-deo^adenoaiae. 
7«deoxycytidiae, aad 7<4eoxygoanoeiac. Toe *~^~rr 
described hereia are suitaUg for »alid ^ig^.^VfrfrfT 
tyathesis by triester chemistry. Previous methods nfli>H 
diester chemistry which ia more difficult aad generates low 
yields of product OUgoaodeoddes coataiaiog T^deaxy-T- 
fluoro-rilnsucieotides are of lattrat bccsaae the eon/orma- 
tioo of die sugar closely resembles that of RNA aad conse- 
quently these oligonucleotides have a higher affinity to DNA 
thaa aormal oiigodeoxyriboaudeotides (M. Ikehaa, Het- 
erocycka 1984. 21. 73). 

DBCLOSURB OF THE INVENTION 

The preseat iaveatioa discloses oligonucleotides aad 
mrthodi for their synthesis of formula (Q: 




aad stereoisooxrs thereof, wherda each B is laA Trm f ru Uy 
a purine or pyrimidiae base or modified form each Z is 
iadepeadeatiy a aosrfatetferiag sahstffttcat preferably 
hydrogen, PQ>" or a protecdag group; each R 1 is iadepea- 
deatty hydrogen, hydroxy!, fluorine or methyl eaten each Y 
is iadepeadeatiy OR\ Nfl**), or SR* ia t each R is 
iadepeadeatiy hydrogea or aikyi (1-12 Q; X is selected 
from oxygca aad suttfar; a is aa integer from 1 to 200. Bases 
such as adenine, guanine, cytosiae, thymine aad uracfl as 
well as modified forma (base analogs) such as 
5-mcthylcytoaiac. aziridiaylcytosine, S-hydroxy-N 4 - 
mettryUdenine. pseodcisocytoaine and iaosine are preferred. 
IV oUgooudeotides cootaia one or more S methyieoe 
f*K>tprtnntfrliiiJr^^ 

sized from duivaiiveg ^frfrrtrd hereia of omaomen of 
formula (H): 




t' 



wheroa iB is a purine or pyrimidine base or modified form; 
cadi R 1 li iiukprn d c ntty hydrogen, hydroxy! fluorine or 
methyl ester, each Y Is iufcpeadendy OR*, or SR a 

wherein, each R a is inotpeadenUy hydrogen or aikyi (1-12 
Q; sod X is s r l nrtert from oxygea aad sulfa. Bases such as 
guanine, idcnine, cytosiae, thymine, umdL iodouracfl. 
g-hy droxy-r r-methyladealae. aziridlaylcytosiac, 
2-aminopurJtte. 2* cHtt s m i no p u riae or other base analogs or 
altered forms may be utilized. Alternative monomer 
aroc&oes, sucb as 2 J' epoxides and X Jdideoxy didehyoro 
sugars may also be synthesized 

The free ^-methylene phosphon a te mirifmides present 
earymattcaJiy aoeiiydrolysable isosteres of mononude- 
otidee. As such they can be convened in&aceiiuiariy by 
cellular fcina^ tn ts* r^^w^^ n ^rvtti6r phorptono 
t rirtVwph a fcs , incorporated into DNA by polymerases and 
thus Interfere wtefa ^rihiUr m^.kj;^ Thns racfa oudco 
tide phnsphon^n potentially exhibit antfvkal and antitu- 
mor activity. For example several acydkn^yksephos- 
phonates such as the methylene pbosphonates derived fru 
ganciclovir, aad acyclovir are potent antrvirala. JD ~ Q Other 
nudmside poosphooates have been claimed la a p-ra t 
mtk xiom (EZmcr Rdst et si. Staaf crd Research 

pu blication no. WO 84A>474S>. *Ibe novel ^-methylene 
c ompm ad s Chat are desc ri bed heron thus have useful "^i- 
virai or aa^moisr aoivitiea. 

Theosl gnoiriftn tid e 
possess antiviral activity and can be usc4 ia the control or 
prevention of viral infections, e* of herpes simplex vital 
infections. The in vteo activaty of confounds oTfofimtla 

1 and their taatomers la hxrabWrrg herpes simplex virus type 

2 (HSV-2) can be demonstrated by means of the following 
plaque rednctioa procedure. Host VERO cdls are iaf ected 
with virus stock *Tiag a known number of Infectious 
vizsons in (he prr a c a ot of various conce n tr a tio ns of wro- 

. Plaques k (he cefl moooiaycr are then oountedaad 
* to entrrafed controls and to acydovk treated 
. Tte degree of inhibition at each concentration of 
ad is expressed as a percentage of (be control titer 
( 100%). The ICao value, namely the ~™~TTr»fr»q of com- 
pound which inhibits viral activity by 50%. is then csicu- 
Itted. The results that are obtained with representative 
coupamfcahow ftat vims titer reductions occur. 

The e n mp oond s disclosed bercin can be used as medica- 
ments in (be form of pharmaceutical preparations which 
cont ain th em in association with a conapttibte pfaarmaceu- 
tical carrier mitrrttl This can be an organic or inorganic 
canier suitable for enteral e*. oral, or parenteral admiais- 
tration. Ptiih4i ■ of such canJas are water* gelatin, gum 
arable, lactose, starch, magnesium atearate, talc, vegetable 
oils, jniyalkyftene glycols and petroiomijdly.TbephanDar 
ceutkal preparations can be made up ia a solid form, eg. as 
tahlctt, dragees, supposfcork* or capsules, or in a liquid 
form, &g. as so l n tiona, suspensions or emulsions; they may 
be subjected to standard pharmaceutical operations, eg. 
sterilization and/or may contain adjuvants, c-g. preserving, 
ttaralfring, wetting or emaUfyiag agents, salts for varying 

theoamOtkpraaMgflrtiufeer ^Tpotyyfy fog fr- 

formulated ia a manner suitable for 



acrosoL They may also contain other therapeutically vab»* 
able r^- 
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The compound! disclosed herein and their tautomert can 
be administered far the oourol or preveatioa at viral 
nfeaioa. such u hexpa timptcx vinj infection*, to wina- 
bioodcd uinato ia need of such treatment. The diadoaed 
compound* **d their fnnmrn m he mdmi^tm^ A ^ 
human is * daily dosage of from about 1 to 1000 mg, 
preferably about S to 300 mg. The daily dotage may be 

admiaisttre4uaaiaghidV)teoritdMdeddoaea.Theal>ove 
<**«** range is gives by way of example oaly and caa be 
v«aed upward* or dowawarda depeadiag oa I acton mcb a* 
the particular compound bdag adiniaiitcred. the route of 
adaiaiaratioa. me severity of (he iadication oeing oeated 
•ad me eooditioa of me patient 

Experimental Section 

Gea^F^dOToiatogr^ 
ShUetaL Ikyingrciera to drying over NajSO,. flftratioB. 
aad coocewratioo. All reaciiaaa requiring dry aolveattwere 
nia under a dry argon atmosphere. 

1 faan&i^)o' a * *** ****** laow for compounds 

. TABLE 1 




TABLE 3 




TABLE 5 




N 2 -Uob«tyiyl-r^teaxyguiao«inc (1) 

The acyUooa by transient protection method of R. A. 
Jooes* 4 was used, lb a ^kitd mixture of f(LSi> mmol) 
of r-deoxyguaaoaiae moacfavdnte (oat was fort coocea- 
tnted ftom dry pyridine)* 150mLof pyridine mat was 
cooled oe an ice water bam was added 9.75 mL (7&S mmol, 
5. 12 eativ) of ditootrinKmylsflaae oYopwise, over several 
nxuuites. Ate 3001^ 12JmL(76.9mmol3.B equiv.)of 
isoburync anhydride was added dropwise, over several 
minute*. Hie ice baa was removed tad sarin* was con- 
tinued f or 2 h. The fencdoa mixture was meaeookdoaaa 
ice water bath, aad 30 mL of cold H3O was added to die 
reaction. After 13 mia- 30 mL of co oceaffrt ed aqueous 
iw|wwMiii was added* Tbe rcacttoa was stirred for 30 nria , 
and mra The «*me was taken op to 100 mL 

of HjO and extracted with EtjO- The title compound was 



cahcr crygallfrrri from the aqueous layer, or was isolated by 
flaah column chroointofiTapej}^ 

NMsobutyryi-S'-0-(4,4Wimethoxytrityl)-2'- 
deoxygiiannainr (2) 

The tdtyUtioa procedure of Jane** 3 was inodnled mch 
that ao DMAP was uaed. To 337 g (1O0 mmoi) of 
NMscbia9iyt-2 > -deoxygunattsiae (that vis first concen- 
trated from dry pyridine) la SO mL of dry pyridine, wu 
added 4.06 g (12.0 mmoi. 1.20 equiv.) of 4*4'- 
dimetboxytrftyl chJnrirlr The reaction was stored for 15 h, 
aod then concentrated. The residue was partitioned between 
CHjO, and 05* no. NaHCO* shaken, and separated. The 
organic layer was washed with 03% *0- NaHCOj aod dried. 
The exude product waa pwified by flash rlmwiatn gr ap fay. 
N^Benxoyl-r-decacycytidinc (3) 

This nnH|ffWTy* was p repared from 7-deaxycytidine 
mon obydrale by the same procedure used for the preparation 
of NMsobutyryi-Z-deoxyguanoaiae except that 9.0 nL 
(77.5 mmoi, 5.17 equiv.) of benzoyl chloride wu used 
instead of iaoevtyric anhydride. 
N 4 -Benzoyt-y^4,4'-4imeth<nytri^ 
(4) 

This compound was prepared from H 4 -benzoyl-2'- 
deoorycytidine by the same p rocedure used for the prepara- 
tion of N 1 -iaoburyryl*5 , ^4,4 , -4imethoxytriryl)*r- 
deoxyguanoaiac. 

K*-3ennoyt-2r-deoxy adenosine (5) 

TUa was prepared from 2"-decxyadenoaine 

mooofaydrate by the same procedure used f or me preparation 
of h^-benxoyi^-deoxycytidine. 

(« 

This compound waa prepared from NMienzoyl-T* 
dcoxyadenoaiae by the same procedure used for the prepa- 
ration of NM»oc4jtyiyl.3 , 4><4^-diinethoxytrityl>-r- 
deooryguanoaiae. 

5*<H44*-Dimethaxytriry^^ (7) 

*ntf f ^"fy" 11 ^ — p^parM frewn thymidine hy the game 

procedure used for me p repar atio n of N^-isoburyryi-y-O- 

(4^'-diiittmcaytfryl>?-4e^ 

3^0<-Btttjldimethyisirj^ 

(8) 

To a stirred solution of. 2.00 g (3.13 mmol) of 
N 3 *lsobutyryUS t -0-(4.4'.dimethoxytrityl).2 v - 
deoxyguanoalne aad 134 g (216 mmoi 7.22 equhr.) of 
imidazole in 123 mL of dry DMP waa added L16 g (7.70 
mmd. 2A6 eouiv.) of t-fautyidiincmylsayi chloride. The 
reaction was stiffed at roam temperature for 3.5 h and then 
uju c cutiate d. The residue waa partitioned between CH^ 
andBjO, shaken, and separated. The organia were washed 
with Bfi and concentrated (not dried). The crude residue 
waa men attired m 100 mLof M% an. HOAcfor 1.5 hand 
men concentrated. The residue was partitioned between 
CHjCl, and H^O, shaken, and separated. The orgaaics were 
waafaed with aaL an. KaHCO» H,0, and dried The crude 
product waa purified by flash chroanatograpfay on a 40 mm 
column using one column volume of 2% TEA In CH^O* 
then one column volume of 2% TEA and 2% MeOH in 
CHsQg, and Chen 2% TEA aad 4% MeOH in CRJlH^. The 
product was I'^irnT**** 1 from toluene affording L18 g 
(13.7* yield). 

T^Ot-Buryldmiemylair^^ (9) 
This i m a j — waa prepared from N 4 -benxoyi-5 l -0-(4» 
4*-dimcttkaorycdryl)-7-deox)^ by the same procedure 
used far me preparation of T-O^-curyidinKihylsiryl-H 3 - 
isobtn^ryl-7-deonygonnoame. 
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(10) 

This compound wis prepared from rr-benxoyl-5'-0«(4* 

A^iftWKriTyfWfyt^r^^^^^^^ fey the lUM prOCO- 

dure used for the prepantioo of J^M^N^dimetfaylsflyi- 

^*isobtttyryi*2^ a ^6e9rv^psanos2ne* 
T^-BuryialmettiyWr^^ (11) 

This compound vu prepared from 5*-0-<4«4'- 
dunecbcoytrttyO-cfayini^Ae by the same procedure used for 
the preparation of 3 ( <H-btitytdin^yaiiyi-N a -i^^ 
2°-deooryguanoeiae. 
TO^DibeBzyllhyimdiae (12) 

To a stirred solution of 2.18 g of 5 ( .0-(4.4*. 
diiKtnoiytriryl)^ (4.00 mmoi) in 52 mL of dry 
DMF was carefully added 2.00 g of a 60% oil dispentoaof 
NaH. The reaction was stirred at room temperature for 5 
mia. To the mixture was added 4.77 mL (40,1 mmoi 10.0 
eqoiv.) of benzyl bromide dropwise, over several minutes, 
After 1 h. the reaction was cooled oo aa ice- water bath. 
Then, 12 mL of sat ao. NaHOO, was carefully added 
(vigorous hydrogea gas evotutioa) dropwise, over several 
minutes. The mixture was stixred far 10 muu tad thea 
cooceacated.Tbe residue was thea stimd la 100 mL of 80% 
aq. HOAc at room temperature for 1.5 h. and thea concen- 
trated. The crude residue was partitioned between CH jOj 
and Hp. shaken, and separated The organic layer was 
washed with sat a* NaHCO,* HA «** then dried. The 
crude product was punned by cash chroenasopaphy oa a 50 
mm column using two column volumes of CH^O* two 
column volumes of 1% MeOH in CH^O^ Mad then Z5% 
MeOH in CH^Cl^ as eiuenta. This afforded IA9 g of product 
(88\2% yield) as a colorless solid. 
Diphenyi [9K3^Bur/ldimethylsu^ 
ribo-bes-5^aofsTanosyl)-N a *isosbutyt7lgaanine]«4'* 
pnosphonate(D) 

Literature methods 39 were adapted for the preparation of 
the tide compound. To a solution of 106 mg of T-O-t* 
butylolmethyisflyi-NMso (0236 
mmoi) and 294 mg of dicycJohexykarbcd^mide DOC (1.42 
mmoi 6m euuiv.) in U mL of dry DMSO was added 11 J 
mg of methylphotpbonic add (0.118 mmoi 0l5O equlv.). 
The reaction was suited at room tenvereotrc. After 18 h; dry 
pyridine (0480 mL) and then 120 mg (0236 mmoi 140 
equiv.) of dtehcayl {(tripc^nyipocsptaran^ 
pfaospboiuue 4 * were added. Anoti*r O80 mL of dry DMSO 
was added. Toe reaction was stirred at room temperature. 
After 27 h, the reactioa was diluted with CH^O* washed 
with 2xH/>, and dried The crude material was flashed on 
a 25 mm column using one column volume of CH^Qj* then 
one column vofaxme of 3% MeOH in CH^O*, and thea 6% 
MeOH in CH^ as taunts. The product mnfaining frac- 
tions were rnrnhincd and concentrated. The product was 
piriflM lgnin riufflnl fry llifh chrotnatography on a 25 mm 
column using one column volume of 1X5% EtQAe in 
CHzCl* thencMcounuvoluzDeof25%BtOAcinCH/^ 
and thea 50% EtQAe In CH 1 Cl a at ducats. This procedure 
afforded 9.4 mg (64% yield) cf product 
Diphenyi {9&<>±**yHhiM*hyW 
nbob«xofuraao(yi)-N 1 4soc«tyr^ 
(14) 

To a solution of 94 mg (O0138 mmoi) of diphenyi 
[9^-0-«-fcutyldimethytsir^ 

5<aofuranofyl)^4sosburviylgu^ la 
20 mL of MeOH was added a catalytic amount of 10% Pd 
on carbon. The mixture was hyorogeaated at 260 psi of H, 
(la a Parr reaction vessel) for 3 h. The m&uire was filtered 
through CrLHc Mad concentrated. The crude product was 
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p u rifi ed by flub cftromitog apby on a 15 www using 
ooc coiuma volume of OE^O,. tea one coiumn volume of 
12J% BzOAc la CB/I* tbea ooe column vobm of 25% 
BtOAc ta CHjO,, tad then 50% EtOAc ia CH£X 7 as 
duetts. This procedure afforded 24 mg (213% yield) of 
producL 

Dipbeayl (l-(3^-Buryi<fimethyiiir^^ 

ribo^cx-5-«aofuraaoiyI).N*.bca2oylcytoiiaeJ.6'- 
pbospboaate (15) 

This compouad Is prepared from 3*-0-t- 
brtyldimethylaUyi-N 4 -b«nzoyi-7Hle^ by the 

ume procedure used for the preparation of dipbeayl [9^ 
CM^ryldimethylsayl*2J,6-4ride^ 
eacftaaaoeyQ-r^isosbayi^ 
Dtphenyi !1K304-Buryidfo^yisil^^ 
ribobexofin*acayi)-hr^DXoyU7tosiflc)^ 
(16) 

This onmpouad Is p rep ar e d from dipbeayl (l-(3-0-«- 
botyldimethyJsilyl-2J.6*trideoxy-^-D-ribo-hex-5* 
eootaaao«yi)-hr l -beazcyfcyto«^ by the 

same p mc e dur e used for the preparation of dipbeayl [9-(3- 
0-t*bntyldimcthylsilyi-2.5.6-trideoxy-p-D- 
ribohexofuraaosyl)-N 3 *isobutyrytguaaosiae]-6*- 
pfa o sp hn o atc . 

Dipbeayl [9K3-0^-Butyidimethy^^ 
ribo-hex-5-eaofuraaosyi)-N*-beazoyiadeaiae)-6'- 
pbospbooate (17) 

This compouad is prepared from 3*-0-t- 
butyidime&ylsilyi-N*-be^^ by the 

same procedure used for the preparation of dipbeayl [9-(3- 
CM-batyldimethyliUyl-2J,6-fr 
eoofuraoosyi)-N s -4sosfaur^^ 
Dipbeayl (9K344-B«yidimedryis^^ 
ribobexo#uraaosyi)-NM>euoyUden^ 
(1*) 

TUs compound is prepared from dipbeayl [9-0-04- 
butyl4imclhylsilyl-2J f 6-trideoxy-^D-ribo-hex-S- 
enofoaao^)-N*-beuxoyladeatne]^^^ by the 
same procedure tucd for the preptration of dipbeayl [9~(3- 
<M-botyldimcthylsilyl-2,5,6-trideoxy-P-D- 
ribohexofuranotyl)-NMsobutyrylguaaosine|*6'- 

Dipbeayl [l-(3-O^Bufyidixu^ 
rflx>-bcx-5-«aofuraiKMyi)^yn^]^ (19) 

This compouad is prepared from 3*-0-t- 
butyldinietfay UflyUhymidiae by the same procedure used for 
the preparation at dipheoyt [9<3-(>4-buryldimefhyisayl.2, 
5«6-crideoxy-P-D-ribo-hex*5-eaofuraaosyl)-H a - 

Dipbeayl UK3~04-Buryldimeihylsi^ 
ribobexcAnaaoaylX thyndaeKg« pho i phon at r (20) 

This compound is prepared from dipbeayl [l-(3-0-C- 
baryldimethylsUyl-2J,6-trideoxy-^D-ribo-hex-5- 
eaofursAoaylVd^ymiael-c^-cbocpboaate by die same prone* 
dare used for the preparation of dipbeayl (9-<3-0-t- 
baryidiinethyisayi-2J,6^i^^ 
N a 4sobuqnrylguaDo^)^*fbo<pbonate; 
Dipbeayl [ l-(3^Beazyi-2J,6^ridcCTC^^ 
cncfgano«yl)-NM)cnzyilhymiae)-o^^ (21) 

The title compouad was orepared by modification of 
reined known procedmea."* 1 * To a stood solution of 300 
mgof r-ON s -dIbeaxyMiymidiae(a?10 mnoi) and $74 m% 
of. (4.24 mmol, 5.97 equiv.) of dfcyctabexylcarbodamide 
(DOO.in2J7 mLof DMSO was added 0356 mL of a 1.0M 
solution (0356 mmol» 0l5O equiv.) of orthopbospboric add 
(Aiddch) la DMSO. The reaction was sthred at room 
temperature, After 19 h, 0217 mL of dry pyridine was 
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added, followed by 412 mg (0.710 mini. L0 eouiv.) of 
diphenyl l(triphenyiphosphoraayiidea€)methyll 
phospbooace. The reaction was stirred far 3 1 n. The reaction 
mature was partitioned between tad H^>. shaken 

•^separated. Toe c*s^aic layer was washed with H a O and 
dried. The residue was purified by flash ctromatogiapcjy oa 
a 25 mm column using ooe column vciumeof CHjCUonc 
column voiume of 5% BtQAc in CttJCl h and thcai0% 
BtOAc in CHsds as duentt. This afforded 334 mg (8<LS% 
yield) of product 

Dipheayl f l-(3-0-Benxyi-2.3.6-trideoxy-fr-D. 
nbotocAiraaofyl>N»-bea2yim (22) 
To a stirred sotution of 334 mg (0L513 fmnol) of £pbeavi 
[l-(3-0-beatTi.2.5.6-Uideoxy.p.D.rfbo.lKx-3. 
eac4ursnosyi)-NM>eruyl^^ in 7.7 mL 

of dry Et,0 was added 307 mg ( L03 mrnoi. 2.01 equiv ) of 
"^isoprcjyteea^^ hydraiide/' followed 
by 0. 1 43 mL of dry TEA. The reaction was refluxed for 14 
h. The mixture was partitioned between Bt^O aad sat. nq. 
NaHCO,. shaken, aad separated. Tbe organic Uyer was 
washed with Kfl and dried. The residue was purified by 
flash cfaroautopaphy on a 23 mm colaran using one ensnmn 
volume of CH^ one column volume of 5% EtOAc in 
CH 2 C1^ and then 10% EtOAc in CBJCL as ducats. This 
afforded 244 mg (72*% yield) of product 
Dimethyl I l-(3-0-Benxyl-2.5,6-trideoxy-B-D. 
ribotoofurinosyl).N^c^ 

Commercially available CsF (100 mg) was flame dried 
while under vacuum, and allowed to cod to room tcrnpera- 
turc, lb the dried solid was added 3.00 mL of dry MeOH. 
followed by 143 mg (0219 mmol) of diphenyt IKMX 
benx yl^J ^trideoxy^D-ribohexofaranosyl^y^ 
tenzyttbymiae^-poocphocn^ The reaction was stfcred for 
20 h. and Chen concentrated. Tbe residue was partsnooed 
between CHjCl, and H/X shaken, and separated the 
organics were washed with BjO and dried. The residue was 
purified on a 25 mm column using one volume of 

CHjO,, one column volume of2J% MeOH In OLCUnad 
Chen 5% MeOH in (31,0, as duents, TTtiTaocenure 
afforded &S.9 mg (74.0%y2d) of product ********* 
Dimethyl [ 1 W^Ttide«y>D*ribohex^ 
bcnxyftfaymineK-phns^ 

Known literature methods 40 were adapted to remove (be 
benxyi protecting grasp from the T-oxygcn. Dimethyl [1- 
(3^benxyl.2J^deoxy^I>.rirjcnexcira 
beuyhhyinine^-phoaphoatfte (3.0 mg, O0Q567 mmol) 
was added toa4<4% solution of HCO^ in MeOH (prepared 
from 96% HCO^H) foUownd by a catalytic amount of 10% 
W an carbon. The reaction was stirred at room tenperature 
for 19 h. The reaction was then Altered through r ^ l tr and 
concentrated. This procedure afforded 2J)mg(«a6% yield) 
of product as a colorless solid. 

Dibeaxyi [ l-(3-O.Beaxyl-2 f 3,6.trideoxy.B.D. 
riboliexciuranosyi^ 

This procedure was based on a related procedure. 39 lb a 
aohjtion of 416 mg (0631 rnmoi) of diphenyl (l^MV 
bcnxyl-2J,6^trideoxy*|^D-rittouoxofaraaosy 
ben^fthymine^^aioapheantn in 3u0mL of benxyi alcohoi 
was added 2X mL of n solntion prepared by d* addition of 
200 mg of NaH to 16.7 mL of beaxyl aicohoL After 1 h, the 
reaction mixture was difastod with 30 mL of Bt,a Bxcess 
gaseous CQj was bubbled into the ntixttax. A gd like 
mixture formed which was dissolved in BtQAc This son> 
tion was concentrated onto silica geL The sUka gd was 
loaded onto a previously equilibrated 25 mm coiiana and 
duted with one column volume of CH^O^thea scotoma 
volume of 10% EtOAc in CRjO^ and then 20% BtQAc in 
CHtd, as duents. This afforded 127 mg (29 J % yidd) of 
product. 



»««a«of tarabut ytimmonfmn fluoride (TBAP) in THF 
Tbc itac&a it ftimd « room tcmprnw f drlh. tLIm 



i ~ ~ .w^^wv u Mural lOT 3 mm 

■■«■■-«»* The nite i> ptf&tf by d.^. 

used far the prcpmifeQ of dipheavl f9H2 J aJZ^T 

Pfto^boarte by fte suae procedure used for the preprtioa 
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[9-(2.5.6-Trideoxy-P-D.ribohex©to 
iMtoiiiyiyfciiMi^ add (34) 



J*** rcxsioo is based oe a tinuXu procedure by Bartoo et 
«L To • aired, ice^oofed mija« of diiMtbyi f^2J^ 
tndeaxy-{W>Kibctoo 
DboobossteiA l^Omlwnm 



pbospboute in 150 mL of CH ,0, is added L98 mL (15.0 
mmoL 3.0 cquiv.) of broraortrWiyliflaac dropwiae, ova 
several mutes. The reacdooisidntdtor30ii^ 
die ice bads is removal After stufcxgteaaaddUiotai 10 h. 
20 mL rfMeOH is added TTto reaeto 
aod tocoocetfimied.T^ 
r*irinfitioa_ 

[ 1 -<2J .6-Trideoxy-P-D-ribohexotoia«»yl).K.-beB2ovl 
cyioatoej^-pbcapbonie add (35) 
Thit c nmpona d it prepared from dimethyl (1^2A6- 

pfaMpfrWgbydietanKtgoctdorcoi^ 

of ^9-(2.5,6.lrideoxy.p.D.ribohe^of^lraao«yl).N , . 
w<wtyiylgu«niae)^-(Ao s >ox)oic add. 

I9-(2 : 3.6-Trideo*7.p-D-ribofcejiofar«ao»yl).N«. 
beaioyUdeniae^-pbotphoofc add (36) 

Thit compound it prepared from dimethyl IMAA. 
Bide<«y.^D.ribol«<>ft 1 rMO«yl>.N**ea2o^ 
rho«phfwiteby a>etanieiK<>cedtattMadfortH«.p. 1 ^. M {, rn 

of (9•(2.5.6^trideoIy-^.D.ribohexofMaaotyl^.N , . 
«K^««yO r l«u«aiBc}^iJb<Mpb<Mic add. 

[l-(2J^Trideoj^-3.DKiboaexotfuriflotyl)^hyiDiae^ 
poocpoooicadd(37) 



pit compound was prepared from dimethyl U-05,6- 
trtdeoxy- ^D^bobexofTOawWV^hvming^^^ TJw^^,. 
by (be tame prooedure used for the preparation of f9~ttj. 

g^T^^D^^ 

The eacire crude [9-(2,5.6-trideoxY-B-D- 
n»»»««ofTBaBOtyl>.N 8 -l»obutyi^^ 
add, from above, it heated ia 150 mL of coKeatrated 
aqueout ammonia at 35* C for 18 h. and then concentrated. 
fH2^Trideoxy^D-db©he^ 
phoephooic acid (39) 

TWs compouod is prepared from U^*<iidea^-0^ 
nbofaexoraroosyl).^^ 

add by die same procedure used for Hie mmtioo of 

[9^,6-trideray^D^fbcto 

DtXMDhattic add- 



l^2^Tridecxy-p~D^bc^^ 
pbospbooJc add (40) 

T^coov«i^ 
r ^»bexoru«iK^ 

¥J*J??Z proceAwe oaed to the preparation of [9-(2A 



•V aauK l*WCCKftaX UCO ZOT UaC fM^IHf Of 

&t*x*yi (*<W4^Dfa*sb^^ 

D-ri^exofyraaosyl).N^iaobotyi 7 I f oaniae|^ 
pboapbooate (41) 

To 3.00 mrnoi of diphcayl l9^.6-tridooxy-ft.r>. 

(that it nntcoacca«melfromdrypyrJdlae)ia30mLof dry 
pyrWfae, It added 2.03 | (&0 mmol. 130 ema>.) of 4/ 
°"°™Kgytriiylcritaidc^ 

*ea rnnnratralid. The residue b partitJoaed between 

CH^andOJ*ao^hUHa) > .«ha*xauaad»cparat«AThe 
organic layer is washed win 0-3% an. NaHGoTaad dried. 
The crude product it purified by flash chromatography. 



pnMpbaaate by be uine procedure used (<x fee otsmtioa 

or<Spbeayl f>0^4^^iBWltty^2J*SSc^S 

D-nbohe*ofor«aofyl).N*.i,obatyryl|otaineJ-6^ 
pbotphooate. 

Dfrbeayl [»<3^M'-DiiDc<ho ^ 
I^ribcfcexorur^^ 

This c omp o un d It prepared from dipheayi [9~(Uj6- 
trideo^^D*ibohexorm^ao^ 
rhn t xftnn t tr byte same proceara 
of dipheayi [^^K^^liiacdm^ 

D^ribohexoftiraao<yl).NMfobatyry|guaiioe|-6'- 
pboapbonatc. 

Dipheayi [ l<yOAW-Dbac&axyrnxfl 

Tm*t com pound it prepared from diphenyi H^5jS^ 
ridoaxy^D^iboQexofar^^ 
by the time procedure used far the prepmtioa af dipheayi 

f9-(3-O.I4 f 4 , ^m«thoxytrityl].2»5^trideoxyiB^ 
nbohettrfuraooav^ 

Mooopheayl [*<3^4^Dime&cay^ 

^D-ribobexoforaaosyl)-NMsobotyrylguaaiae]-6'- 
pootpbonaxe ttiethyUfflmamum salt (45) 

A mixture of 3.00 mmol of dipheayi (9-(3-0-(4^. 
4n**oxytrityl]-2J,6^ 

NMsobutyrylguaa^ is stirred In 100 mL 

of ooooeflirated «pieoitt uioioaU 

reaction it mcoitored by TLC After c*. i h. (be mixture is 

concentrated. T*e product it purified by flash drantfon*- 

plrjt 

Mooopheayl (1^3^4X , -DuDethoar^tr^ 

p-D-ribobexofaraaosyl)-N 4 -beozoylcytotine]-6'- 
phosphoaate aiemyiammocfam salt (46) 

Hu* c ompo und it prepared from dipheayi (l-O^H4s4*. 
dy*ao^tyi]-2A^^ 
NVb cn goyfc y totineKr- phos^ 
used for the preparation of mooopheayl l9-<3-0-[4«4'. 
dimethoxytrityi]-2J**ride^ 

NMsotJiityryiguaaiaer^ trktfaylamnmium 
salt 

Mooopheayl (*{3^44*-DuiKmoxyOty 

P-D-ribobexofaraaotyl)-N*-benzoyladeninel-6 # - 
pho a pho nt t e triemytamipocufln salt (47) 

Thit compound It prepared from dipheayi [9<UH^ 
<Up**oxyadryl^ 

^-besaoyiadenine^iJhospbooate by me tame procedure 
ttMd ta **5 prcparatioa of mooopheayl l%0-04iA^ 
d1mrt h ox yoifyl]-2J,6-qidcoxy 

N'^socutyryiguanineW'-pboiph^ triethyiammooium 
salt 

Mooopheayl (1^34H44*-Duwmcixytrityl).U 
IMVribcmexofiBiaotyl)^^ oietfay- 
lammonfaim salt (4S) 

TWt compound it prepared from dipheayi [ l<0~044#. 
<Umelhoxytrityi]-2A6^ 
mymuKl^-photphooatebythesaiiiepro^ 
peparaaoa of mooopheayl l 0 -(3^4^Hlullemoxytrityi^ 
2,5,6-trideoxy-f}-D-ribohexofuraaosyl)-N*- 
itobatyryiguaafme^^topte rtcmytommnmnm isit 

9-(2*Deoxy-2-fiaoro-p-D-arabiaofuraaotyl)-N*- 
iaobutyryifuaaiae (49) 

Tl* compound it prepared from 9^2-deco^-Miwo.p. 

D^artiiiwrwaotyl^uanine 4 * by the saoK procedure used 

for the preparation of K a 4sobutyryl.7-deoKygujAotioe. 
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^[2-Dcoxy.5-OK^^ , -<Umcthoxytrityl)-2-flocro-^-D- 
«*iooteioo*yi]^ a 4»bucyrylgUMi«c (50) 

This compound is paiwod from 9-(2-deos^2-fluoro»f). 
D-<r^iDaAnaoc3d)^ a Hiobutyxylgutt^ by tbc same pro- 
cedure tiaed for the preptmioa of r^-uwbutyryi-y-Q^,**- 

l-(2-Deoxy-2-fluoro-p-D-trabi«ofttxanosyl)-N 4 - 
beaxoylcycotioe (51) 

This compound is prepared from l<2-dccarj^2-fluaro-|3» 
I>«biiKrfurticsyi)cytosiac JO by (he same procedure used 
for (be prepanaoa of N^bemoyi-7<4eaorycyti4be. 
l*[2-Deoxy*5^4.4^diiitetbozytriryi)-2-fluoro.^D. 
mbiiiofuriAOfyQ^-bezizoylc^^ (52) 

This compound is pictured from l-<2-doaory.2*fiuoro»P- 
IWnhi rvnr^gmsoiyi>-^-bcaaoyicyto«iae by the same pro- 
cedure used far the preptmioa of N*-beazoyi*5'-0<(4<4 * 
rtirTrtho*ytriiyl)-r-<teco3r^ 

9*(2-Deoxy-2*fluoro-P-D-arabiaofuraaotyl)-N*- 
beaxoyiaueaine (53) 

Hus naii|HHiad is prepared from 9^2-doaxy»2*fluoro»^ 
r>«hinofuraaosyi)adeainc* g by the ume procedure used 
for dte preparation of N^^eszoyt-r-deoxysdeaosue, 
9-(2-Deoxy-5-OK4 v 4^dimethoxytrityi)-2*fluoro*^D. 
«bioarur*iKxyt^Nr*-ber^ (54) 

This cornpoood is ui e pai e d from 9K2-deoxy-2-fluoro-p- 
f>^hiiiofuraaofyi>N*4>esaDyisdesdne by ttke seme proce- 
dure used for die preptmioa of ^-benxcyl-y-O-ti,^- 
<1iny?hngytrityl)-7~<tecgy^ 

lM2*Deoxy«5^4,4^dimethoxytrityi)-2*fluofo-^.D- 
nbiacfunukosyfHhyzziiae (55) 

This compound is piepaied from l-(2-d>oxy>2-fluoro^- 
D-erftbiaofurinosyl^yiiuW 1 by the same procedure used 
for the preparaooa of F^H^^nxAaxyutyi^ymkh^ 
9-(3-O«t-BuryldimetbyU0yl-2-4eoxy-2-fluoro-^D- 
srabuKsfuraaosy0-h^4Mibiityiy^^ 

This compound is prepared from 942^deoxy-5-0<4^4 , * 
diAe&oxyrtryl)-2*fluoro-f}-D*tf^ 
isoburyiylguaaiae by the same procedure used for the prepo> 
ratioa of J^O-t^utyldimethylsilyi-N^isolNiryryl^'- 
deoxygnanosinc. 

H3-0-t-BuryldlmcthyisUyl-2-deoxy-2-fluoro~|}-D- 
snbtDofuraoosyf)-^4>cazoyicyt^^ (57) 

This oompou ad is pre pa red from H2-deoxy-S-0-(4vC- 
diinethoxytrityl)- 2-fluoro-f^D-arabiaoruxaaosylI-rT'- 
beazoykycosiae by the same procedure used far die prept- 
mioa of 3'-<>t-butylalmethyisUyi-r^benroyl*2'- 
dooxycytidiae* 

9-<3*0*t-Butyldimethylsilyl-2-deoxy*2-fluoro-^-D- 
snbiaataaosyi)^4enzoyLn^ 

This coopoond is prepared from 9&4aaacf-$<H**' 
diaie4hoxytriryl)-2-fluon>-fl-D^abto 
bexizoylsdeaiDe by (fee same procedure used for die prcpe- 
raUoa of 3'-0-t-butyldime4hylsilyl-N*-beozoyl-2'- 
deoxyadenosiae* 

H3-0-t-ButyldimethyisUyi*2-deoxy-2-fluoro*^D* 
tnbiaotun*<xyi)-6xyniae (59) 

This compound is prepared from W2^fcaxy-5^H4^. 
di mr<1»cix ytrnyl)-2^^ 

by the same procedure need for the p re pa r atioa of TO+ 

butyldbatxkyUDytikyiaktiuc. 

Dipheoyl [9<3^-Butyla*nethylsllyl-2J^ 

fluoro-P-D-axabiao-bcx-5-eoofuraaosyl)-N a * 

uotbutyryigusaiael^- r^ni M T aa rr (60) 

This compouad is prepared from 9-(3-0-t- 
butridiinethyisiryft-^^ 

-NMsobutyrjrtnniaaine by the same procedure used for the 
prepaxanoo of dipheoyl [9><3<M4uryiduiietfryu^ 



trideoxy-p.D-ribo-hex.5. e00 fur«noiyI).N J - 

to-3<oafiwaofyl).NMio6u^ 

^thcMmc|«ooedureu*edfartteprepirttto 

^(3.0 : c-buiyidiinclhyl»ilyl.2>3.6-ttidco»y-^D. 
nwtaofaiaosyO-N 1 -^ 

Dipbeayl (I^^-BatyldlmethyUilyl-2J.6-ttidcoxy-2- 
flooro-P-D-tr»biao-bcx-5-«aofurtao*yl)-N 4 - 
^^ttoyteytodac^-pbocphoiucB (62) 

This compouad it prepared from 1.(3-0-1- 
*2*dimeifay^^ 

-^-beoioyicytorioc by die sue procedure used for die 
prtparatioe of dipbeayl [l^-04*utyJdimetfiyisa 
««4eoxy-P-D-ribo-hex-S-eaofuraaoiyi)-N 4 - 
ben2oylcytosifteWi)bo«pboo4te. 

Dipbeayi [lK3^-Botyidlia«hylsilyI.2J^ridcoxy-2. 

This compouad is prepared from dtsbeayi ri-tt-O-u 
^l<u^yisilyi-2J^^ 
p«-5-caoturasMMyi).rr^beaxovlc^^ 
by the same procedure used for the preparttioa of dipbeoyl 

ll^O+b«ty!dimetbylsilyl-2,3,6.Uideoxy-8.D. 
ribohe ^ftirmno<yi>hr-^^ 

Dipbeayl [^^-Botyldiinerbylsliyl.2J^«dfiQxy.2- 
flaoro.p.D-«rtbito-hcx-5-eBofurtnosyl)-N 4 - 
bewayl^fcaiDeJ-^^wpbooMe (64) 

This compouad is prepared from 9-(3-0-t- 

^-bcazoytsdenine by the same froeedure used for die 
prcparatjoa of dipbeayi (9-0-O4-butyidim^ 

trideoxy-p.D.ribo.hex-5-enofurtoosyl).N*- 
buzoylMleaiael^^bosidioosie. 

Dipbeayl (*<3-O^Buryidiiiiefbyt^ 
fl°oro-P-D-arabiDc4tt^ 
pbcepboaate (65) 

lUs cornponn d k pr tp s s e d from dipbeayl 
buryidimediylsilyl.2J.6^deoxy.2-fluor^ 
a«-5-cnotoMo*yl>.^.bea2o^^ 
by the same procedure used for the preparatioa of dufceayl 
[9K3-<M-butyldimeU^UU^^ 
ribohootooosyl^^eo^ 
Dipbeayl [lK3-O^Buryldime*ylrt^ 

fluoi^p.D^abis^bex-5^aofiiraaosyl)^ymiae)^'- 
pbospboBase (66) 

This compoaad is prepared from l-(3-0-t- 
tatytttaedryisi^ 

-tbymiac by tie same procedure used f or the mtparatioa of 
dipbeayl [i<*^-butykiu»shyisfl^ 
rfco^-*ea<duraao«yr>*^ 

Dipbeayl [ I-(3^-Butyluiinethyisilyi.2J^^deoxy.2- 

fluoro-P-D-arablaohexofuraaosyl)-thyiniae].6'- 
pbospfaoaase (67) 

This oompooad is prepared from dipbeayl (l-(3-Q-i- 

bex-S-eaofmao«yi)-ttr/iiu^ by tbe — *~ 

procedure used for the preparatioa of dipbeayl (l-(3-0-*- 
tayidmedr/l^ 
(bymiaci^-photphoaate. 
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Dipbeayl (9-(2.S.6-Trideoxy-2-()uoro-0-D- 
arabiaouexofuranosyl)-N 3 -isobutyryif:uaaiae|-6*- 
pbospbonate (68) 

This compoind Is prepared from dipbeayl [9-O-O-t- 
butyldimethylsilyl*2,5.6-trideoxy*2-fluoro-{)-D- 
arabiaohexofuraaosyl)~NMsobutyrylguaaiae]-6'» 
phmphonatr by the same procedure used far (he preparation 
of diphenyi (9K2J-6*idcmy^r>*fcobe^ 
isobutyryiffianinc)^^ 

Dipbeayl ( 1 -U^^-Trideoxy^-fluoro-P-D- 
arabinohcxofuranosyO-rf'-benzoylcytosineM'* 
pbospbonate (69) 

This compound Is picpare d from dipbeayl (M3-0-I- 
botyldlmethylsilyl-2.5.6-ttideoxy-2-fluoro-f)-D- 
arabinobexofuranosyl)*N 4 -bcnzoylcytotinc]-6*- 
pboaphonafie by the tame procedure used f or the preparation 
of dipbeayl ( l<2J^-tridecxy.£-r>*^^ 
beaxoykytotine^-pbosphonate. 
Dipbeayl [9-<2.5.6-Trideoxy-2*fluoro-f}-D- 
a rahmohffi ofiganosyl)-^ 4 ^^ 
(70) 

This c omp oun d is prepared from dipbeayl (9<3-0* 
butyldimethylsilyl-2.3,6-trideoxy*2-fluoro*P-D* 
arabiAOQexofiiruo^VN^-bet^ 

by the same procedure used for die preparation of dipbeovi 

[9-(2.5.6-trideoxy-f}-D-ribohexoforanosyl)-N*- 

bcnzcyladcninel^^ocphoasie. 

Dipbeayl H*(2,5 v 6-Trideoxy-2-flooro-f)-D- 

a rabino hcx ot uranosyl)-o^ (71) 

This compound is p re y e d from dipbeayl {l-O-O-tr 
butyldimethylsilyl-2.5.6-trideoxy*2-fiooro-0-D- 
ara bi ao be xofuraao«yl)tt*yim by the same 

procedure used for the preparation of dipbeayl (l-<2^6- 
Crideoxy^D*ibohexc#ursa^ 

Dimethyl [9-(2,5 ,6-Trideoxy-2-fluoro- (J-D- 
axabiaohcxofuranosyl)-NMsobutyryl*;uaaiae)-6'- 
p ho s pb o nat f (72) 

This cocopound is prepared from dipbeayl [9~(13j6- 
trideoxy^-fluoro-^D'axabiaobexofuraaosyO-K 1 - 
iiobutyrylguaninel^-phospbonate by the same procedure 
used for me preparation of dimethyl (9^,6-trideoxy-0» 
D-ribobcxofuranosyl)•^f a -isobutyrylgoattine]-6 , - 
p fa fup hiTrittf 

Dimetbyl [ l*(2,5,6-Trideoxy*2-aaoro-{>-D* 
arabinohexofuranosyl)-N 4 -benzoyicytotine]-6'- 
pbospbotutte (73) 

This crnnpound is prepared from dipbeayl ll^UjS- 
trideoxy-2*fluoro*P-D-arabiaohexofuraaoayl)-K 4 * 
benzoyicytosis«)^-pbosphonate by the same procedure 
used for the preparation of dlinethyl [l^jfr-oideaxy-0- 
D-ribohcxorursjKtfyO-^-bea^ 

Dimetbyl [9-<2,5,6-Trid«oxy.2-fluoro-p-D- 
arabiaooexofiaraoosyiVN 4 -©^ 

(74) 

This coopound is prepared from dfeheayi [9-(W^ 
trideoxy-2-fluoro-P-D»axablaohexofuraaosyl)-K 4 * 
benxoyladrnfnrl^^mosphoaste by the same procedure 
used for the prcparatioa of dhaemyl {9^2J,6^deoxy-0- 
D-ribobcxofuranosy l)^4)eaxoy1 arirtrl nr ^^hncphooatr 
Dimethyl [ l-(2,5,6-Trideoxy-2-flooro-p-D- 
arabu M bexofuraaosyQ^ymu^ (75) 

This compound Is ut cp aied from dipbeayl [1^2«3«6» 
trideoxy*2-fluore»{)-D-efab^ 

phmphooace by the same procedure used for the preparation 

of dimethyl (lKU*&4rWoxy-f^D-rtbohexo 
mymtnel^pbotphoaAte. 



[9-(2J^Tri<4coxy.2-flvK»o-^D««rtbinohaofxiiw«ylV 
NMaoburyryigusaineU ^-pbospbotttc acid (76) 

This c om pound is prepared tan dimethyl [9-(2J.f> 
tridcoxy.2-flooro-0-D-arabiaohcxofuranosyi).N 3 . 

same procedure 

used for the preparation of [9-(2J*6-trideoiy.^.Z>. 

ribobexafursnosyl>N**^ 

sal 

I i-(2J^Tridcaxy-241uoro-15 -I>mbimohexaimaofy[y 
N'-beazc^CTCCtttDel^-ijbc^pbcfik acid (77) 

This compound is prepared from dimethyl (1-(2JjS- 
ttideoxy*2*fluoro-fl-D-axabinohexofuraoosyl)*N 4 * 
beazoyicytosine^-pfaocpoocjte fay the suae prooectoe 
used for the preparation of (H2J,6-trideoxy-^-D- 
ribc4^ofonaMyi)*K 4 ^uoylcytosiAei-6 , -phoiphoaic 
scid. 

(9^J,6-Trideoxy-2-fluoro-^D-*rsbi^ 
^-be&zoytsdeAioe^-pbocpbooic sad (78) 

This compound is prepared from dimethyl [9-(2Jj6- 
trideoxy-2-flooro-0-D-arabinohexofuranosyl)-N*- 
beaxcytadcaiact^-pbosprrwifr by the ssme procedure 
used for the preparation of [9-<2J.6-trideoxy-p-D- 
ribo^exofuraB^syO-N^'beBZoyLsdeoiael^-photphooic 
add. 

[ l^^^THdeoxy-2-fluoro^D-arabinohexofuraxkosyl)- 
thynuMl^-poospbosttc add (79) 

This compound is preptred from dimethyl (H2J.6- 
tiidcaxy-2-fluoro^r>*rabiaobCT 
pbocpbooste by the same procedure used for the preparation 
of ( l<2J,6^deoxy^D-ribohexofura*osy 
pbospbooic acid. 

[ 9-(2 J ^Trideoxy-2-flQoro^D-arsbiiK)hexofuiuosyi^ 
guaniae^-chc<poooic add (80) 

TUs onrapound is prepared from [9-(2Jj6-oideoxy-2* 
flocro-f^D-anbia^cxofcranosy^^ 
g-pbospoooic add by the same procedure used for the 
preparation of [9N(U«6-trideoxy^-D*ribohexa 
gusfliner^-fh osp hod c add. 
[ 1^2J,6-Trideoxy-2-flu<^^D-«b 
cytosjaehfr-phoaprKtoic sdd (81) 

This onmpmrpd is prepared from [l-(2J^-uideoxy-2- 
flnoro^r>^rahino6excduranosyiK 
rhoapboeic add by the same procedure used for the prepa- 
ration of (W2^.6-^rideoxy-^D-ribohexofuraaosyi)- 
cytotiae^-ptospb oc ic add. 
(9^^^Tddeoxy*2-fluoro-^D-axabinohexofixr^^ 
adeniae^-cbocphook add (82) 

This oocyound is prepared from [9423£4rideoxy-2- 
fiaaro-£-D-*rabioobexarur*a<^ 
pboapbeoic sdd by the same procedure used for the prepa- 
ration of (M2J«6^deoxy-^D-ribobxxofursnosyl)- 
^i#iif^ |-^-ph^pfrw p|^ fdrL 

Dfebenyi [9<3^4^DiixKtboxytr^ 
flocfo^D-arabiaohexorwanosyO-N^ 
ff-cbospboaate (83) 

TUs compound is prepared from diphenyi [9^US- 
tridcoxy-2-fluorc~0-D*arabinobexofuraaosyl)-N a - 
i a ob u tyr y itusnine)^« frfy) a phOM by the aame procedure 
used for the preparation of dipheayl [9-(3-0-[4,4». 
din*thoxytrityi]-2J,6-<ridea^ 
N*-4scburyiylguaniK 
Diphenyi (1K3^M-Dimethmrytrir^ 
fiuoro»^D-anfnnobe»fm 
|teaphonate(84) 

This mnymind is pi e p a a e d from diphenyi (U(2^«6- 
ttideoxy-2-fluoro-f)-D-axabiaohexofura&osyl)*N*- 
benzoykytodne^-pboaphonate by the same procedure 
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used for the preparation of dipheayl (K3*0-{4.4*. 

dimetboxytrityi }-2J ,6-trideoxy D-nbo6exoteaoofyi> 

rT-bes^lcytoaiac^-pbospboaam. 

Dipbeayi [9K*^4^Diinetbcacyti^ 

fiiiefo^D-ershiaobexoftsxaaoeyi]hr^^ 

pbospboaase (tS) 

This mnyxmrvl ii pstpsiod from dip he ayl I9-(2J,6- 
trideoxy-2*fluoro-f^D*axabiaohexofuraaosyl)<»H*- 
bcaxcyls*1rninr)^pbospooaatf by the same p ioce du re 
used for the preparatioa of dipheayl [9-(3-0-[4.4 f - 
dimetboxytrityi ^2J.6»trideozy ^D-ribobexofuraoofyl)- 
N*-^fl7ffytadoiof )^ff" ^ l h4M | "firn a f f 
Diphenyi ll^hOA^^OinxOmytt^ 
fluoro•f)-D•-arabiaobcxofuraaosyl)•thymiae]-6 , - 
phospbooate (86) 

This complmiml b prepared from dipheayl 
trideoxy-241iioro^D-ermbiaohexotf^^ 
phospbooexe by die aane procedure used for (be p w» |i« — 
0/ dipheayl ( 143^4X-4methoay^ 
DfiboliexafosjieaylHhyiBm 
Mooopbeayi {*<3^4^4>iiiietboxytr^ 
24looro-{M)-«rabiBOBCXofuraAO^ 
•^•pbosphoaate triethyUnunoatuin sab (87) 

This compound is prepared from dipheayl [9-(3-0-{4.4 - 
dimethoxytrityl)-2.3.6-trideoxy-2-fluoro-P-D- 
arabiaohexofuraaosyl)*N s -isobatyrylguaaiBc]-6*- 
photphonalr by the tame procedure used fcr (be prepsr*tioa 
of moaopheayl [9*(3-0-[4*4 , *dimethoxytrityl]-2J.6- 
trideoxy^D-ribohe&tffta^ 
pbospboaase ******** yt^fnfTyMifr" 1 * salL 
Mooopbeoyl ( l-(3^44'-Diinetha^ 
241i»oro^I>HttrdMOohc x ca ^ 
frfhospbooatc triethyiammodum salt (88) 

This oomponad is prepared from dipbeoyi [l-O-O^'- 
dimethoxytrityl]-2,3.6*trideoxy*2*flaoro-f)-D- 
*rabioobexofuraaosyl)*rr 4 *beazoylcytosiae]*6'* 
pbospbooate by die same procedure used far the preptnboo 
of moaopbeayi (W3^[4,4^dimethoxytrW]-2^^ 
trideoxy^D-rite>hexofuriJX)fyl)-r^ 

Mooopbeayi (9<3^{4w4^DiiijethcKyt^ 
24uotx>^D-ejabifMnexofm^ 
6*-pbospboa*xe triedrytammooium salt (89) 

This c on apoaad is prepared from dipheayl [9-(J-(M4,4- 
dimetboxyttityi]-2,5 v 6-trideoxy-2-fluoro-p-D* 
trai»aohexoiuraaos>i)-r^^ 

by (he ssase procedure used for the preparatiou of 89oeophe* 
ayl [9<3^f4^dimethoxytrfty^^ 
sfeohexoitaiBosyI)-N*<-bea2^^ ad- 
ethylammooium salt* 

Mooopbeayi ( lK3^4^DisKmoxytiirtf^ 

2 - fl uoro- fk- D-axabi aohexof uraaosy l)-thy miac J-6'- 

phospbooam tikmyls innraa i m salt (90) 

This cnmponad is prepared from dipheayl ( l-Q4y{4#. 
dimethoxytrityl]*2«5,6-trideoxy-2-flooro-()-D- 
nbtaohexoitaaotylHt^iai^ by me 

same procedure used for the preparsdoa of mooopbeayi 
[ l.(3-OM4.4 , ^iimethoxytrityl).2^6-trideoxy.^D. 
rii>oKi^rAw^fi^yr^Kyi^»^]^-p^^ a£emyfsmmo» 
mum salL 

Synthesis of OUgooacleoddes 

OUgoaudeotides are synthesized from the 5-eod to me 
J<ad\ The ph os phooiester lacAod of oUgoaodcotide syo- 
diesis described by Sptoat aad Gait is used.* Appropriately 
protected r^4/ , ^meO^C3rytrityQ^ hsviag a 

free y-hydroxyl group are reouhed for the solid phase 
syefhesis. ,a These raytoosides are affixed to a loaf cfaaia 



tlkyianune controlled pore glass (LCAA/CFG) via a mri - 
eate UnJxr using standard metho d*." The T-O-DMT group 
oq the support bound nudeocide is cleaved with 3% (v/v) 
dkfctorcncetie add in L2-4ichloroethaae (DCE). Alter 
washing with DCE. ao4 (hen pyridine. ~*T"rg of the 
sppropriate m ooop fa eny i n u rtm a iri^ . pK^ H r Tistr u ^ 
trietiiyiammooiam aalt if effected wish the «*™pl''ng agent 
Ume«rtyiwintphnfTyl,^-«ltrtwi ,7/Hriarfdr (MSNT) and 
l*metnylimidazok (NMD ia pyridine. This **Mir»ig is 
allowed to occur from 15-43 minutes. Jbt support is then 
washed with pyridine. The oligo containing supfion is then 
treated with an Ae 3 Oflutidine/DMAP is capping loautioe. 
The capping agent and to use is described by Atkinson tad 
Smith." After capping, the support is washed with first 
DCE pyxidiae, and then DCE again. Then die cycle is 
repeated (ie. deprotecdoa, coupling, capping). After the last 
owanling step- the faDy j*t*mt**A ^\g rmK \ rv tiA^ | t 
from the support and fully doprotected using a mixture of 
pyridine-2-carbaldoximc and tetramethyiguaaidine in 
4oKaae/wafict M TOs deprotection is allowed to occur at 37* 
C far 20 h. After drying in vacuo, the oligonucleotide is 
purified by either HFLC or rjoryacrylamide gd ciectropoore- 
tis(RAGB). 
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What ia claimed ia: 

L A compound having the fonnula: 



wherein: 

B ia arimnsipc. NMienzoyladenine, thymine, guanine, or 
N a -4 a ob u i y i yi guanine; and 

each R*lsiiidcpeoden4y hydrogen, phenyl, alkyl(l-12C) 
or hytamgi Mi^iiijrt^tiwwwiw^ iatL 

2* The compound of daim 1 wherein B If guanine. 
3u The compound of daim 2 wherein R 2 ia hydrogen. 

4. The compound of daim 3 wherein B is guanine. 

5. The compound of claim 3 wherein B is 
N'-iaobutyiyiguanine. 

6. The compound of daim 3 wherein B is adenine. 

7. The compound of claim 3 wherein B is 
N^-'beazoytndenine. 

8. The mmpound of daim 3 wherein B is thymine. 
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9. The compound having the general formula: 




R— O 



wherein B is NMsobutvrvlguanine. R 1 and R 2 are both H. 

10. The compound having the general formula: 

a 



R 2 — O 




B 



R'— O 



wherein B is N 4 -benzovlcvtosine. R' and R 2 are both H. 



1 1 . The compound having the general formula: 

O 



R — O 




B 



R— O 



wherein B is N 6 -benzovladeneine. R' and R 2 are both H. 

12. The compound having the general formula: 

O 



R 2 — O 




B 



R— O 

wherein B is NMsobutvrvl guanine. R 1 is H and R 2 is 4.4'-dimethoxvtritvl. 



13. The compound having the general formula: 

O 



R 2 — O 




B 



R — O 



wherein B is N 4 -benzovl cvtosine. R' is H and R 2 is 4.4'-dimethnyytrityl 

14. The compound having the general formula: 

.0. 




wherein B is N 6 -benzovl adenine. R' is H and R 2 is 4.4'-dimethoxvtriryl 

15. The compound having the general formula: 

O 




wherein B is thymine. R 1 is H and R 2 is 4.4'-dimethoxvtrirvl. 

16. The compound having the general formula: 

.0. 




wherein B is NMsobut vrvlguanine. R 1 is t-burvldimethvlsilvl and R 2 is H. 

1 7. The compound having the general formula: 

.0. 




wherein B is N 4 -benzovlcvtosine. R 1 is t-butvldimethvlsilvl and R 2 is H 



1 8. The compound having the general formula: 




wherein B is N 6 -benzov ladenine. R 1 is t-butvldimethvlsilvl and R 2 is H. 
19. The compou nd having the general formula: 




wherein B is thymine. R r is t-butvldimethvlsilvl and R 2 is R 

20. A modified oligonucleotid e or derivative thereof comprising at least one 
nucleoside selected from the group co nsisting of a 2'-deoxv-2'-fluoro-ribonucleoside. an 
arabinonucleoside, a2 , -deoxv-arabinon ucleoside: and a2 , -deoxv-2 t -fluoro-arabinonucleoside. 

2 1 . The modified oligonucleo tide of claim 20 wherein said nucleoside is a 2- 
deoxv-arabinonucleoside. 

22. The modified oligonucleot ide of claim 20 wherein said nucleoside is a 2- 
deoxv^'-methvlester-arabinonucleoside 

23. The modified oligonucleot ide of claim 20 wherein said nucleoside is a 2'- 
deoxv-2 , -fluoro-arabinonucleoside. 



24. The modified oligonucleotide of claim 20 havinp a length of 2 tn 10 

nucleotides. 



25. The modified oligonucleotide of claim 24 wherein at least one 
intemucleoside linkage is selected from the group consisting of ohosphorothioate, 
phosphorodithioate. morohilodate. piperazidate. methvlphosphonate and phosphoroamidate. 



26. The modified oligonucleotide of claim 20 wherein at least one 



intemucleoside linkage is phosphorothioate. 



